This study was conducted to investigate innovative solutions to a measurement problem pertaining to self-reported body weight data as a key component of the Stepped Approach Model (SAM) of service delivery. Subjects (n = 223) were randomly assigned to one of two conditions: Informed Group (of self-report and weight measurement) + six body weighing habit items (IG, n = 113) and Uninformed Group (of self-report and weight measurement) + one body weight item (UG, n = 110). A Mest indicated that IG subjects reported significantly more accurately, f(194) = 2.99, P = 0.002, and with significantly less variability than UG subjects, F(109,112) = 1.95, P < 0.0005. A multiple regression of absolute difference weight (observed -self-reported weight) on observed weight revealed consistent accuracy across the weight range for IG subjects, whereas UG subjects' accuracy decreased as body weight increased. The slope of the IG did not significantly differ from 0, f(218) = 1.44, P = 0.150, but did significantly differ from the slope of the UG, t(21S) = 2.78, P = 0.006. The following conclusions are noted when IG conditions are used: (1) a three-component strategy designed for maximum effect size results in accurate reporting across the entire weight range, (2) self-reported 
Introduction
Self-reported data are used for clinical diagnostic purposes and assessment of outcome in retrospective studies of weight history, long-term evaluations of weight management programs and in epidemiological studies (Black and Hultsman, unpublished; Cameron and Evers, 1990) . These data represent an attractive alternative to actual measurements because they are easier and less expensive to obtain. Researchers in a variety of disciplines have relied heavily on self-reported data (e.g. Farquhar etal., 1985; Lefebvre etal., 1987) . Findings from self-reported data have been frequently reported, and provide the basis for a vast number of important conclusions about the efficacy of various interventions (e.g. Palta etal., 1982; Norvell and Boaz, 1986; Black and Hultsman, unpublished) and validations of theoretical models (e.g. Black and Cameron, 1977; /89, 1990a Black etal., 1991; Black and Scott, 1998) .
The most extensive investigation of the validity of self-reported data is in the area of weight management. In spite of some intensive efforts, it has not been possible to obtain self-reported body weights which are valid substitutes for observed weights (Cameron and Evers, 1990) . Consequently, an extensive review of the research literature was conducted to identify any procedures, practical or otherwise, that might be used, singly or in combination, to significantly ameliorate validity of this outcome measure. The literature search identified only one study that experimentally investigated the effect of different procedures on validity. Cash et al. (1989) noted that weighing subjects before they self-reported body weight seemed to positively influence accuracy of body weight estimates. The only other finding consistently reported was that underweight subjects tended to overestimate body weight (Charney et al., 1976) while overweight subjects seemed to underestimate body weight (e.g. Wing etal., 1979; Pirie et al., 1981; Palta etal., 1982; Jalkanen etal., 1987) . Consequently, a 'powerful' procedure is needed to produce consistent accuracy of self-reported values across the weight range (Bandura, 1969) .
The primary purpose of the study was to evaluate a critical component of the Stepped Approach Model (SAM: Black and Cameron, 1977; Hultsman, 1988, 1988/89; Black etal, 1991; Black and Scott, 1988) . SAM relies heavily on self-reported data to decide when and if to change intervention steps and to validate the efficacy of the model. The second purpose was to examine whether three procedures in combination (informing subjects of impending weight measurement, asking specific questions about weight/ weighing habits and providing instructions for selfreporting body weight) would produce an effect large enough to result in consistent accuracy across the weight range and variances small enough for self-reported weights to be used as valid 'proxies' for observed weights.
Method

Subjects
There were 223 subjects, 124 women and 99 men, between 18 and 82 years old (M = 39.28), who weighed 91.8-295.8 lb (M = 159.1). Body mass indices [BMI = weight (kg)/height (m) 2 ] were between 17 and 50 (M = 27.9). Subjects had completed between 6 and 20 years (M = 13.9) of formal education. Demographic variables, when compared to the US Bureau of the Census (1988), were consistent with the general population of the surrounding geographic area and the five state region where the study was conducted.
Procedure
Recruitment
Recruitment involved the display of large banners in a high traffic area in a large shopping mall to publicize a free health screening. The surreptitious intent of the health screening was to enroll interested participants in a health education weight management intervention based on SAM. Recruits were told that they would receive a multifaceted health evaluation including blood pressure assessment, but absolutely no indication was given that they would be weighed. Debriefing of subjects indicated that none had seen the scales or overheard any conversations pertaining to weight measurement.
Selection criteria
Subjects who reported medical conditions (e.g. pregnancy) that might inequitably or unduly affect their abilities to accurately self-report body weights were excluded from the study. Qualified participants were randomly assigned to one of two experimental conditions.
Experimental conditions
Informed Group + six body weighing habit items (IG, n = 113) Subjects in the IG completed a questionnaire which included six specific questions about body weighing practices and explicitly stated that body weight would be measured immediately following questionnaire completion} Questions about body weight began on the third page of a seven-page questionnaire under the bold-faced heading: 'WEIGHT:'. The question directly pertaining to body weight was standard across groups and was stated accordingly: 'Weight:
lb.' The IG questionnaire instructed subjects to self-report their body weights to the nearest 0.5 lb while taking into consideration the time of day (moming versus evening) of the weigh-in and the amount of clothes wom.
Uninformed Group + one body weight item (UG, n = 110) Subjects in the UG completed the same questionnaire as subjects in the IG. The only question about body weight was asked in the conventional manner specified above. No other instructions regarding body weight were given.
Dependent variables
The dependent variables were observed weight, self-reported weight, directional difference weight (DDW) and absolute difference weight (ADW). Subjects' observed weights were obtained immediately after the questionnaire was completed. Weights were measured to the nearest hundredth of a pound on a highly accurate recently calibrated digital scale (Circuits and Systems, Inc., Model 5X1002) used for official certification weigh-ins at intercollegiate sporting events. Subjects were weighed clothed, but were asked to remove heavy personal effects such as jewelry, purses, wallets, keys, change, calculators, pens and pencils, shoes, sweaters, and jackets. DDWs were calculated by subtracting selfreported body weights from observed measurements and retaining the sign to indicate the direction of the deviation from 0.
2 Results for DDWs are reported for purposes of comparison to prior studies.
ADWs were calculated using the same mathematical procedures as DDWs except only the magnitude of the differences were retained and the mathematical signs were dropped. ADWs are thought to be a better indicator of validity {cf. Cameron and Evers, 1990 ).
Data analysis
Initial analyses
Initial analyses were computed to examine parametric assumptions. All analyses of both parametric assumptions and validity were computed using Statistical Analysis Software (SAS Institute Inc., 1985) .
Results
Descriptive data were used in the initial and primary comparative analyses of the two experimental conditions. The mean values (SD in parentheses) for the IG for self-reported weight, observed weight, ADW and DDW were 155. 
Homogeneity of variance
An F-test was calculated to determine whether variances of the two groups were the same. Variability in IG DDW and ADW were both significantly less than that of UG subjects, F(109, 112) = 1.95, P = 0.0005; 2.06, P = 0.0001; respectively.
Validity
Between-group t-tests
A f-test was computed for the one-sided research hypothesis that average ADW would be less in the IG than in the UG? Results indicated that IG subjects reported their weights significantly more accurately than those in the UG, /(194) = 2.99, P = 0.002. DDW results were similar, but only approached significance, t(\91) = 1.62, P = 0.053. These analyses indicated that there was an intervention effect and subsequent analyses should be computed. Figure 1 illustrates these results for women. For men, the regression lines were effectively identical except for a shift to the right by -30 lb.
Multiple regression analyses
4 For the IG, there was no significant difference in regressions for both IG men and women [i.e. neither the slope nor intercept differed significantly between sexes, F(2,214) = 0.307, P = 0.736]. Furthermore, the IG slope (common for both and women) did UG results are in contrast to those for the IG. Although there were no significant difference in slopes between men and women, f(218) = 0.380, P = 0.708, the common slope for UG men and women was significantly positive, f(218) = 4.67, P = 0.0001. Also, as expected, this slope differed significantly from the IG slope, f(218) = 2.78, P = 0.006. Similar results were found for DDW regressed on observed weight. 5 Collectively, these results along with examination of Figure 1 indicate the following: (1) IG subjects effectively report with equal accuracy across the weight range, (2) UG subjects tend to report increasingly less accurately as observed weight increases, (3) lighter UG subjects tend to overestimate their weight while heavier UG subjects tend to underestimate their weight as has been previously noted in the research literature (Chamey etai, 1976; Wing et al., 1979; Pirie etal., 1981; Palta etai, 1982; Jalkanen etal., 1987) , but more importantly, (4) weights reported by both male and female IG subjects could essentially be used as valid substitutes for observed measures.
'Finer-grained' analyses
The majority of all subjects (n = 154, 69.1%) were under-reporters (/G: n = 11, 68%; UG: n = 77, 70%). Finer-grained analyses were computed to investigate the reporting accuracy of underreporters as well as over-reporters. The right panel of Table I summarizes the results of regressing ADW on observed weight for subjects who were under-reporters. For IG subjects, the slope was 0.017 for both men and women, and did not differ significantly from 0. The corresponding slope for UG subjects was significantly different from 0. These results indicated that IG under-reporters, like all IG subjects, reported with consistent accuracy across the observed weight range. Inaccuracy among UG under-reporters, however, increased with observed weight to a slightly greater extent relative to all UG subjects. As before, the IG and UG slopes for ADW differed significantly, rf 149) = 2.54, P = 0.012. There were no significant differences in accuracy for over-reporters of body weight between groups nor were there differences as observed weight increased. Lack of significance in this finding, based on power calculations, appears to have been the consequence of a relatively small sample size of 69.
Digit preference
All subjects
There were 149 subjects who reported a value ending in 0 or 5 (rounders) and 74 who did not (non-rounders). The percentage of rounders (66.8%) was significantly different from the 20% expected to report body weights ending in these two digits by chance, % 2 U> N = 223 ) = 305.5, P < 0.001. 6 
Between groups
Digit preference was observed for 75.5% of the subjects in the UG versus 58.4% in the IG. Analyses showed these proportions to be significantly different, x 2 (1, N = 223) = 7.306, P = 0.007. Notably, only in the IG were non-rounders significantly more accurate than rounders for both ADW and DDW, rf111) = 2.37 and 1.79, P = 0.009 and 0.038, respectively. Regression of both ADW and DDW on observed weight for IG and UG rounders produced results that were essentially unchanged from those of Table I for all subjects (e.g. the UG slopes were 0.054 and 0.069, respectively). However, for the smaller group of 74 non-rounders, the IG slopes of 0.006 and 0.0007 for ADW and DDW were effectively 0. Conversely, the UG slopes of 0.045 and 0.048 for ADW and DDW, respectively, remained significantly positive, even though these values were less than for all subjects. Collectively, these results indicate that the experimental conditions were effective in decreasing the number of inaccurate rounders compared to nonrounders.
Discussion
This is the first study to indicate that self-reported body weights can be used as proxies for measured weights. This result was achieved by simply informing subjects that they would be weighed and by asking seven simple questions pertaining to weight history. This finding was upheld whether data analyses included all informed subjects, underreporters only or digit rounders. Statistical adjustments of body weight as suggested in other studies (either a constant adjustment or one that varies with body weight) which are individually inequitable were unnecessary with the IG. Conversely, subjects not informed of impending weight measurement and who answered only one traditional question pertaining to body weight did not report statistically accurately, especially toward the high extreme of the weight range. The experimental procedures in this study effectively reduced the error rate to nearly 0.
The study also may have been successful because typical threats to validity identified by Cameron and Evers (1990) were controlled either by the study design or statistical analyses: difference in home and laboratory weight measurement conditions, lack of information due to time elapsed since last weigh-in, rounding body weight to end in 5 or 0, lack of privacy when self-reporting weight (i.e. subjects wrote down body weights rather than reporting them aloud), and time elapsed between self-report and weigh-in (Cameron and Evers, 1990) . Random assignment of subjects to treatment groups also allowed for equal distribution of potential sources of random and systematic error. Subsidiary analyses were computed to determine the effect on validity of the remaining factors suggested by Cameron and Evers (1990) . No difference of effects were found either experimentally or statistically for any of die prior issues. Collectively, these procedures and analyses did help to confirm that the sole source of mean difference and variance between conditions was due to treatment effects and not to nuisance factors.
Another important contribution of the analyses is the method used to evaluate validity. A regression model was used instead of solely relying on separate tests of mean differences which have been used frequently in prior studies of self-reported body weights (Black, unpublished) . Mean tests ignore the possibility of accuracy varying with true weight. Correlations, the method used most frequently in prior research, also fail to capture any constant inaccuracy that might exist at intervals across the weight range (Black and Hultsman, unpublished; Black, unpublished) .
Proponents of the SAM can be encouraged about the validity of self-reported weights and will be able to rely on this information when changing steps or evaluating the efficacy of the interventions.
Research still needs to be conducted to evaluate the accuracy of other outcome measures related to different applications of SAM (e.g. blood pressure, blood glucose level, alcohol and tobacco consumption, amount of exercise, etc.). Process evaluations also should be conducted, although preliminary data suggest reliability does not vary across treatment or over time (Black and Hultsman, unpublished) . A 'dismantling analysis' might be executed to discern the contribution of each of the procedures.
In conclusion, the procedures used in this study resulted in unprecedented accuracy in self-reports of body weight. It was found that a simple, inexpensive, information collection strategy of informing subjects of impending weigh-in, providing them with specific instructions for reporting their body weights and asking questions about weight/weighing habits resulted in accurate reporting across the entire weight range. Selfreported body weights served as valid substitutes for observed measurements without statistical adjustments. The statistical application in this study was atypical because inaccuracy was modeled to covary with increase in body weight across the weight range rather than relying on univariate summary statistics. Self-reported weight data appears appropriate for use and evaluation of the SAM.
